Abstract Recent innovations in treatment of multiple myeloma include autologous stem cell transplantation (ASCT) along with high dose chemotherapy (HDC). We undertook this study to estimate incremental cost per quality adjusted life year gained (QALY) with use of ASCT along with HDC as compared to conventional chemotherapy (CC) alone in treatment of multiple myeloma. A combination of decision tree and markov model was used to undertake the analysis. Incremental costs and effects of ASCT were compared against the baseline scenario of CC (based on Melphalan and Prednisolone regimen) in the patients of multiple myeloma. A lifetime study horizon was used and future costs and consequences were discounted at 5%. Consequences were valued in terms of QALYs. Incremental cost per QALY gained using ASCT as against CC for treatment of multiple myeloma was estimated using both a health system and societal perspective. The cost of providing ASCT (with HDC) for multiple myeloma patients was INR 500,631, while the cost of CC alone was INR 159,775. In the long run, cost per patient per year for ASCT and CC arms was estimated to be INR 119,740 and INR 111,565 respectively. The number of QALYs lived per patient in case of ASCT and HDC alone were found to be 4.1 and 3.5 years respectively.
Introduction
Multiple myeloma is a malignancy that is part of spectrum of diseases ranging from Monoclonal Gammopathy of Unknown Significance (MGUS) to Plasma Cell Leukaemia. It occurs at an annual incidence of 1% of all malignancies, and 13% of all hematological malignancies [1] . In India the reported incidence varies from 0.3 to 1.9 per 100,000 for men and 0.4 to 1.3 per 100,000 for women [2] . In turn this amounts to nearly 6000 new multiple myeloma cases each year in India [3] . It is more common in men than women with male to female ratio of 1.4:1. The median age at diagnosis is 62 years for men and 61 years for women [1] . This severe disease may range from asymptomatic to being severely symptomatic with especially complications that require emergent treatment [4] .
Over the years since 1960s, treatment of disease has evolved from Melphalan and Prednisolone to introduction of & Shankar Prinja shankarprinja@gmail.com high dose drugs with autologous stem cell transplantation (ASCT) and during 1990s, a new era of regimen initiated by Thalidomide, its analogue Lenalidomide and Bortezomib. The median survival reported after conventional treatment is 3-4 years, while with high dose drugs along with ASCT, the median survival has been reported to be 5-7 years [1] . Some studies have shown that it may lead to improvements in terms of progression free survival and complete responses seen up to 40-50% in treated patients [5] [6] [7] . However, despite better health gains with treatment of multiple myeloma using ASCT, it comes at a higher cost. This cost has to be borne by either the households in the form of out-of-pocket expenditures (OOP) or by the Government. In case of OOP expenditures, it imposes significant financial barriers to treatment or results in financial catastrophe for the family. Nearly 1/3rd of all illness episodes for which care is not sought in rural India, financial barriers are cited as the reason [8] . Further, among those who get treated, high OOP expenditures lead to catastrophic outcomes and impoverishment. As against an episode of communicable disease, the risk of households facing catastrophic health expenditures increases by 170% in case of treatment for cancer [9] .
In order to provide protection from high costs, Government of India as well as several State Governments have initiated programs for provision of free treatment. Under the National Program for Prevention and Control of Cancer, Diabetes, Cardiovascular Diseases and Stroke (2010), it is envisaged to support establishment of 20 State Cancer Institutes in 20 states and 50 Tertiary Cancer Care Centres in different parts of India [10] . This implies significant investments in cancer care. Further, several State Governments such as Andhra Pradesh, Tamil Nadu, Karnataka and Himachal Pradesh have initiated publicly financed cashless insurance schemes for free tertiary care treatment, including cancer, in public and private hospitals [11] . A scheme specifically designed for free treatment of cancer alone has been implemented in Punjab state. As a result, it is imperative to explore for cost-effectiveness of newer treatment options so as to justify the additional investments to be made.
Currently, there is no evidence from an economic viewpoint, to evaluate ASCT for treatment of multiple myeloma [12] . We aim to bridge this gap by assessing the cost effectiveness of ASCT as compared to conventional chemotherapy (based on Melphalan and Prednisolone regimen) for multiple myeloma. Specifically, we estimate the incremental cost per QALY gained with High Dose Treatment (HDT) i.e., High Dose Chemotherapy (HDC) and Autologous Stem Cell Transplantation (ASCT) as compared to Conventional Chemotherapy (CC) alone in patients of multiple myeloma in Indian settings.
Methodology General Model Overview
A mathematical markov model along with decision tree was parameterised on an MS Excel spreadsheet to estimate the incremental cost effectiveness of High Dose Chemotherapy with Autologous Stem Cell Transplant as compared to Conventional Chemotherapy. Incremental costs and effects of Autologous Stem Cell Treatment were compared against the baseline scenario of Conventional Chemotherapy (Melphalan and Prednisolone regimen) in the patients of multiple myeloma. Future costs and consequences were discounted at 5% for time preferences of cost and utility [13] . Consequences were valued in terms of life years and quality adjusted life years (QALY) in both intervention and comparator scenarios. Clinical, cost and effectiveness parameters were used to model the lifetime costs and consequences for a hypothetical cohort of 1000 multiple myeloma patients, who could be treated by either of treatment regimens, using both the health system and societal perspective. Cost effectiveness was assessed by estimating incremental cost per QALY gained with treatment using ASCT as against CC.
The markov model comprised of a finite number of health states to represent pre and post disease progression and death. Health states were modelled according to ISS staging for multiple myeloma, i.e., Stage-I, Stage-II and Stage-III [14] . Apart from it, two absorbing health states were also considered, i.e., death from multiple myeloma and death from natural causes. A conceptual framework of decision tree and markov model used in economic modelling is depicted in Fig. 1 .
The markov model, which has been used in our analysis to undertake cost effectiveness, classically comprises of different health states which are used to denote the biologically plausible life-course of an individual who develops a given disease [15] . For modelling the multiple myeloma (MM) disease, we undertook an extensive review of literature to determine the markov states. There are two systems for staging MM. The Durie-Salmon (DS) Staging system, which has been in use since 1975, is one of the systems but this is gradually being replaced by an updated system, the International Staging System (ISS). This new system is based on measurement of two serum proteins, b2-microglobulin and albumin. A patient with stage I disease will not necessarily proceed linearly through disease stages. Stage III disease can be reached without a requirement to pass through stage II first [16, 17] .
Clinical and Epidemiological Parameters
A review of literature supplemented with expert opinion was undertaken to determine the clinical parameters such as overall survival and progression free survival with the two treatment options (Table 1) . Markov state transition probabilities of moving from one health state to another were computed using date on progression free survival, while the probability to die due to multiple myeloma was computed using the overall survival [18, 19] .
Patients in the initial year are placed in different stages, based on the existing evidence on stage-wise distribution of multiple myeloma patients in India [20] . Subsequently, patients were modelled to move on to other states if their condition worsens or if they have any adverse event. Each of the health state is assigned a utility score based on review of literature. For stage I, II and III, the quality of life scores was assumed as 0.865, 0.660 and 0.501 respectively [21, 22] .
Cost of Treatment: ASCT and Conventional Chemotherapy
Cost of treatment of multiple myeloma patients was estimated for both the arms-ASCT and conventional chemotherapy in Post Graduate Institute of Medical Education and Research-a tertiary care hospital. Both health system cost and OOP expenditures were estimated. In order to assess the health system cost, a bottom-up approach was followed to determine all resources used to provide treatment to patients with multiple myeloma [23, 24] . Adaptation of standard methods of economic costing [25] and which have been used elsewhere for costing studies in India were used for the present study [26] [27] [28] [29] [30] . Specific services provided to multiple myeloma patients i.e., ASCT in bone marrow centre, outpatient consultation, inpatient hospitalization in a general ward as well as intensive care unit (or high dependency unit), dialysis, conventional chemotherapy etc. were identified and its cost assessed. Unit cost for each of these services was estimated. Data was collected on human resources and their time allocation for delivery of care to multiple myeloma patients, building and space, equipment, drugs and consumables, other non-consumables and overheads. Besides the quantity of resources consumed during a 1 year period from March 2015 to April 2016, data on their prices was obtained from the procurement department of the institute. Life of the capital items was assessed by interviewing the staff members. Annual number of patients who sought treatment for each service during study period was estimated from respective departmental records. Annualized cost of capital items was estimated based on its useful life and discounting the future cost at 5% [13] . Joint costs were apportioned for specific service based on appropriate apportioning statistics.
Out-of-pocket expenditures were assessed for specific services by interviewing the patients who received a service-outpatient consultation, hospitalization, dialysis, ASCT and chemotherapy; during the period of data collection. In case of ASCT, we also interviewed all patients who had received the procedure during the last 1 year. A total of 26 and 108 patients who were administered CC and dialysis respectively were interviewed to assess the OOP costs. Five of the total fourteen patients who had undergone ASCT in the last 1 year were interviewed to assess OOP expenditure for ASCT. Structured interview schedules were used to elicit data on OOP expenditure for drugs, diagnostics, user charges (including consultation, hospitalization or procedure), travel, boarding and lodging, food etc. [31] [32] [33] [34] . Data from the 71st round of National Sample Survey on Morbidity and Cost of Care was analysed in order to assess the OOP expenditure for an outpatient consultation and hospitalization [8] .
All costs are reported in Indian National Rupee (INR) and US Dollars (USD) using the average conversion of 1 USD = 65 INR in 2015 [35] .
Valuation of Consequences and Cost Effectiveness Analysis
Estimation of lifetime costs and health consequences resulting from both treatment modalities was done using a combination of decision tree and markov model. The efficacy of two treatment options was assessed in terms of overall and progression free survival rates based on a review of literature. Together, the survival rates were used to determine the transition probabilities. Health related quality of life utility values were assigned to each of health states from literature review [21, 22] . The model estimated lifetime incremental cost and benefits of treatment from both health system and societal perspective. Future costs and benefits were discounted at a rate of 5% for time preferences of cost and utility. Cost effectiveness was assessed in terms of incremental cost per QALY gained using ASCT versus CC for multiple myeloma treatment. Various parameters and assumptions used for analysis are mentioned below in Table 2 .
Sensitivity Analysis
Uncertainties in parameters and model structure were assessed in a sensitivity analysis. A scenario analysis was undertaken to determine the cost effectiveness of ASCT, if all patients are diagnosed early and initiated therapy, as against the base scenario of current mix of stage-wise distribution at the time of detection. Secondly, while the base case used Indian evidence on effectiveness, in an alternate scenario analysis we used the international evidence on overall survival rates with ASCT and CC. The effect of uncertainty in parameter values on overall incremental cost effectiveness ratio (ICER) was assessed using a univariate sensitivity analysis. Discount rate was varied from 3 to 8%.
Effect of joint parameter sensitivity was analysed by applying a probabilistic sensitivity analysis. Probability of ASCT program to remain cost effective at a willingness to pay threshold equal to per capita gross domestic product (GDP) and 3-times the GDP per capita was estimated, using a health system and societal perspective. For undertaking PSA analysis, we used log-normal distribution for cost parameters; and beta distribution for parameters related to overall and progression free survival. For rest of the parameters we used uniform distribution to simulate random values. Upper and lower bound were computed assuming a variation of 20% on either side of base estimate for disease progression and other clinical parameters, and 50% variation for risk of mortality, treatment patterns, cost parameters [40] . Monte Carlo method was used for simulating the results over 999 times. Median was computed along with 2.5th and 97.5th percentile to estimate 95% confidence interval.
Ethical Approval
The study was approved by the Institute Ethics Committee of the Post Graduate Institute of Medical Education and Research, Chandigarh. 
Results

Cost of ASCT and Conventional Chemotherapy
Unit costs of providing specific services to multiple myeloma patients are presented in Table 3 . The average cost of hospitalization in a bone marrow transplant centre was INR 395,527 (USD 6085), while it was INR 99,808 (USD 1535) in an ICU setting. While nearly 60% of the total cost of admission in BMT centre is borne out-of-pocket by patient, the share of cost borne by patient is only 37% in case of an ICU admission. The overall unit cost of an outpatient Based on these unit costs, we estimated that the overall per patient cost of treatment using ASCT and conventional chemotherapy is INR 500,631 (USD 7702) and INR 159,775 (USD 2458) respectively (Table 3) . However, considering the overall life of the patient, and after accounting for cost of treating failure or complication, cost per quality adjusted life year for a patient who undergoes treatment using ASCT and conventional chemotherapy is INR 160,922 (USD 2476) and INR 157,438 (USD 2422) respectively.
Cost Effectiveness
Following the pattern of actual distribution of patients at time of diagnosis of disease, a total of 819 out of 1000 cohort patients survived at the end of first year, 658 patients at second year and 319 patients at end of 5 years in CC group based on our model analysis. While for ASCT group, 818 patients out of 1000 cohort survived at the end of first year, 671 at second year and 374 patients at end of 5 years in the model analysis.
Quality adjusted life year lived by a multiple myeloma patient using ASCT and conventional chemotherapy patient was estimated to be 4.1 and 3.5 years respectively. Estimates of incremental cost per life year gained and per quality adjusted life year gained are presented in Table 4 . From a societal perspective, ASCT incurs an incremental cost of INR 334,433 (USD 5245) per QALY gained as against treatment with conventional chemotherapy. Similarly, using a health system perspective incremental cost per QALY gained with ASCT is INR 263,440 (USD 4053).
Sensitivity Analysis
If the patients are detected early in stage I and initiated for therapy, the health system will spend an extra INR 180,434
per QALY gained for treatment with ASCT, which is nearly 1.5 times the GDP per capita. The incremental cost per QALY gained from a societal perspective was estimated to be INR 193,270 (1.6 times GDP per capita) for early therapy.
In the base scenario, we assumed gains in survival from ASCT based on Indian evidence which was lower than what has been reported in international literature. In case the latter is assumed as gains in survival rates, ASCT was found to be significantly more cost effective-incremental cost per QALY of INR 212,414 (1.76 times GDP per capita).
The incremental cost effectiveness ratio varied from INR 266,934 (USD 4106) to INR 447,162 (USD 6879) when the discount rate was varied from 3 to 8% respectively. Probability of ASCT to be cost effective at a threshold of GDP per capita and 3-times the GDP per capita was found to be 16 and 59% respectively (Fig. 2) .
Discussion
We undertook this study to estimate the cost effectiveness of treating multiple myeloma in a public sector setting in India, using autologous stem cell transplant (along with high dose chemotherapy) as compared to conventional chemotherapy. Lifetime costs associated with treatment of multiple myeloma in the two alternate therapies were estimated and compared with gains in terms of overall and progression free survivals. Overall, we found that the ASCT incurs an incremental cost of INR 334,433 (USD 5245) per QALY gained, as compared to conventional chemotherapy. The approach suggested by the Commission for Macroeconomics on Health (2001) and the World Health Organization (2005) is that interventions with an incremental cost less than the per capita GDP in low middle income countries (LMICs) are ''very cost effective'', and those costing less than triple the per capita GDP are ''cost-effective''. India had a GDP per capita of USD 1805 (INR 117,325) in 2015. At per capita GDP threshold, the incremental cost of ASCT suggests that it is not cost effective in Indian context. If one considers the threshold to be 3-times the GDP per capita, ASCT is marginally cost effective. However, given the uncertainties in current evidence, the probability for ASCT to be cost effective even at a 3-times the GDP per capita threshold is 59%. We undertook several sensitivity and scenario analyses. In the base scenario, we had assumed the distribution of patients with multiple myeloma in ISS different stages based on the current patterns of detection of disease. In the first scenario analysis, we estimated the cost effectiveness of ASCT if all patients are detected and treated in Stage I. In such as case, ASCT becomes much more cost effective, with an incremental cost of INR 180,434 per QALY gained. Secondly, we had used Indian evidence on survival gains with ASCT which does not show too much difference as compared to conventional chemotherapy. Based on this evidence, our model estimates that the life years per patient treated with ASCT and conventional chemotherapy were 5.5 and 4.9 years respectively. In case international evidence on overall survival with ASCT is assumed, it is found to incur an incremental cost per QALY of INR 212,414.
As per our knowledge, this is the first study to report on the cost-effectiveness of multiple myeloma treatment using ASCT. We used a decision model which is plausible based on the current understanding of the disease progression and its outcomes. As far as possible, Indian evidence on epidemiology, clinical effectiveness in terms of overall and progression free survival and cost of care was taken. For costing, a primary study was undertaken in a tertiary care hospital to assess the unit health system cost as well as OOP expenditures for different services. We also performed a detailed sensitivity analysis in order to account for the effect of uncertainties in parameters and other assumptions.
A comparative analysis of different modelling methodologies for assessing cost effectiveness of treating multiple myeloma had reported two classical type of models. These include the SHTAC model and the Janssen-Cilag model. While the former used 3 health states, the Janssen-Cilag model used a model with 4 health states defined by disease progression and occurrence of adverse effects. Both the models use a cohort of newly diagnosed myeloma patients treated with alternate options. The models used a survival analysis approach to model the transition probabilities using data on overall survival (OS) and progression-free survival (PFS) for each of the interventions for a patient with newly diagnosed MM. We have also followed the similar methodology for modelling [17] .
However, there are several data limitations based on which more work needs to be undertaken in this area of research to determine robust estimates. Firstly, we did not obtain data on quality of life from Indian studies. This would be a critical area where more work needs to be done. Secondly, the data on survival rates are based on analysis of data from a single centre in India. Moreover, this is also based on experience of treating for about 7-8 years. Further, research with head-to-head comparison between ASCT and conventional chemotherapy in terms of overall and progression free survival is recommended. Thirdly, our estimates on cost are based on a single public sector hospital. We do acknowledge that there can be significant variations in the costing in different centres. Moreover, the costs in private sector are entirely different and likely to be higher than what it costs in public sector. In view of this, ASCT is likely to be even less cost effective in such as setting.
Our findings hold significant importance for the purchasing of care under the publicly financed health insurance schemes. The findings suggest that there is little economic argument in treating all multiple myeloma cases with ASCT. Instead, there is a greater value for money if these patients are treated using conventional chemotherapy. Role of ASCT should be limited to only those cases which are detected early in Stage I and therapy started immediately. Secondly, there is a need to undertake greater clinical research in this field to estimate with more robustness, parameters pertaining to epidemiology and clinical effectiveness of treatment.
